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Abstract 

We study the polarized lepton pair forward-backward asymmetries in B ^ K*i~^i~ 
decay using a general, model independent form of the effective Hamiltonian. We 
present the general expression for nine double-polarization forward-backward asym- 
metries. It is shown that, the study of the forward-backward asymmetries of the 
doubly-polarized lepton pair is a very useful tool for establishing new physics beyond 
the standard model. 
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1 Introduction 



Rare B meson decays, induced by flavor changing neutral current (FCNC) b s{d)i~^£~ 
transitions provide a promising ground for testing the structure of weak interactions. These 
decays which are forbidden in the standard model (SM) at tree level, occur at loop level and 
are very sensitive to the gauge structure of the SM. Moreover, these decays are also quite 
sensitive to the existence of new physics beyond the SM, since loops with new particles 
can give considerable contribution to rare decays. The new physics effects in rare decays 
can appear in two ways; one via modification of the existing Wilson coefficients in the SM, 
or through the introduction of some operators with new coefficients. Theoretical investi- 
gation of the B Xsi^i~ decays are relatively more clean compared to their exclusive 
counterparts, since they are not spoiled by nonperturbative long distance effects, while the 
corresponding exclusive channels are easier to measure experimentally. Some of the most 
important exclusive FCNC decays are B K*j and B (tt, p, K, K*)£'^£~ decays. The 
latter provides potentially a very rich set of experimental observables, such as, lepton pair 
forward-backward (FB) asymmetry, lepton polarizations, etc. Various kinematical distribu- 
tions of such processes as B ^ K{K*)£+i- [1, 2, 3], 5 ^ 7r(p)£+£- [4], Bs,d £^£' [5] and 
Bs,d ^i'^i^ [6] have already been studied. Experimentally measurable quantities such as 
forward-backward asymmetry, single polarization asymmetry, etc., have been studied for 
the B K*£'^£~ decay in [1, 7, 8, 9]. Study of these quantities can give useful information 
in fitting the parameters of the SM and put constraints on new physics [10, 11, 12]. It has 
been pointed out in [13] that the study of simultaneous polarizations of both leptons in 
the final state provide, in principle, measurement of many more observables which would 
be useful in further improvement of the parameters of the SM probing new physics beyond 
the SM. It should be noted here that both lepton polarizations in the B — > K*t^t~ and 
B Ki^i~ decays are studied in [14] and [15], respectively. As has already been noted, 
one efficient way of establishing new physics effects is studying forward-backward asym- 
metry in semileptonic B — > K*£^£~ decay, since, Afb vanishes at specific values of the 
dilepton invariant mass, and more essential than that, this zero position of Afb is known 
to be practically free of hadronic uncertainties [12]. 

The aim of the present work is studying the polarized forward-backward asymmetry in 
the exclusive B — * K*£~^£~ decay using a general form of the effective Hamiltonian, includ- 
ing all possible forms of interactions. Here we would like to remind the reader that the 
influence of new Wilson coefficients on various kinematical variables, such as branching ra- 
tios, lepton pair forward-backward asymmetries and single lepton polarization asymmetries 
for the inclusive B Xs^d)^-^^-^ decays (see first references in [11, 13, 16]) and exclusive 



B Kt+t, K*i+i-, -fi+i-, ni+i-, pi+i- [1, 2, 6, 9, 17, 18] and pure leptonic B £+£- 



decays [5, 19] have been studied comprehensively. 

Recently, exiting results have been announced by the BaBar and Belle Collaborations 
for experimental study of the B — > K*£~^£~ decay. As far as the results for the branching 
ratio of the B — > K*£~^£~ decay measured by these Collaborations are gives as 
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The paper is organized as follows. In section 2, using a general form of the effective 
Hamiltonian, we obtain the matrix element in terms of the form factors of the B K* 
transition. In section 3 we derive the analytical results for the polarized forward-backward 
asymmetry. Last section is devoted to the numerical analysis, discussion and conclusions. 



2 Matrix element for the B K*i^i~ decay 

In this section we present the matrix element for the B — > K*l'^l'~ decay using a general 
form of the effective Hamiltonian. The B K*i~^i~ process is governed by 6 ^ si~^i~ 
transition at quark level. The effective Hamiltonian for the b si^i^ can be written in 
terms of the twelve model independent four-Fermi interactions in the following form: 



Heff = ^VtsV,ll^CsLSta^,^LbiY^ + CBRsia^u^Rb£Y^ 

+ Crr SR-f^bR Ir^^Er + Clrlr SLhR IdR + Crllr SRbi IdR 
+ Clrrl SLhR IrIl + Crlrl SRbL IrIl + Ct sa^^b ia'^'l 

+ iCTEe^''''^sa^,bIaaf3£^ , (1) 

where L and it! in (1) are defined as 

r 1-75 o 1+75 

and Cx are the coefficients of the four-Fermi interactions. Here, few words about the 
above Hamiltonian are in order. In principle, O2, being a member of the standard model 

operators, as well as operators of the type SRbiqLQR, where q represents a quark field, 
give contributions to the b si^£^ transition at one-loop level. The Hamiltonian given 
in Eq. (1) should be understood as an effective version of the most general one, where 
the above-mentioned contributions are absorbed into effective Wilson coefficients which 
depend on in general. The first two coefficients in Eq. (I), Csl and Cbr, are the 
nonlocal Fermi interactions, which correspond to —2rHsCj^^ and —2mi)C^^^ in the SM, 
respectively. The following four terms with coefficients Cll, Clr^ Crl and Crr are the 
vector type interactions. Two of these interactions containing C^°| and C^lr do already 
exist in the SM in the form {Cg-^-^ — Cio) and {Cg^^ + Cio)- Hence, representing C*^l and 
C^£r in the form 

/^tot /^eff \ n 

^LL — ^9 — L^IO + L^LL , 

^LR — <-^9 + *^10 + ^LR 1 

allows US to conclude that C|°| and C^fji describe the sum of the contributions from SM and 

the new physics. The terms with coefficients Clrlr, Crllr, Clrrl and Crlrl describe 
the scalar type interactions. The remaining last two terms lead by the coefficients Ct and 
Cte-i obviously, describe the tensor type interactions. 
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The exclusive B K*£'^£~ decay is described in terms of the matrix elements of the 
quark operators in Eq. (1) over meson states, which can be parametrized in terms of the 
form factors. Obviously, the following matrix elements 

{K*\s^,{l±^,)b\B) , 
{K*\sia^,q^(l±^,)b\B) , 
{K*\s{l±j,)b\B) , 
{K*\sa^,b\B) , 

are needed for the calculation of the B — > K*i'^i~ decay. These matrix elements are defined 
as follows: 



{K*ipK*,e)\sj^{l±j,)b\B{pB)) 



ms + rriK* 



± ie*^{mB + mK'')Ai{q^) 
2mK* 



(2) 



e*q) As{q')-Ao{q' 



{K*ipK',e) Isza^^q^il ± 75)^1 B{pb)) = 

^e^uXaS^'-p^Tiiq^) ± 2i [e;{ml - m\.) - {pb + PK*)^.{e*q)] T^iq^) 



(3) 



±2i{6*q) 



9/. - {pb+Pk') 



mi 



m 



K* 



Tsiq') , 



{K*{pK*,e)\sa^,b\B{pB)) 
-^\Ti{q')-T,{q')- 



2Ti{q^)s*\pB + Pk'T + ^{ml 
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K* 



Uq^)-Uq' 



(4) 



ml 



m 



-Uq') 



K* 



{e*q)p'k,q'' 



where q = Pb —Pk* is the momentum transfer and e is the polarization vector of K* meson. 
In order to ensure finiteness of (2) at q^ — 0, we assume that A^{q^ = 0) = ^o(?^ — 0) 

and Ti[q^ = 0) = T2{q^ = 0). The matrix element {K* \s{l ± 75)&| B) can be calculated 
from Eq. (2) by contracting both sides of Eq. (2) with q^^ and using equation of motion. 
Neglecting the mass of the strange quark we get 



{K*{pK*,e)\s{l±j,)b\B{pB)) 



1 

rrib 



T2imK'{e*q)Ao{q^ 



(5) 



In deriving Eq. (5) we have used the relationship 

2mK*A3{q^) = {niB + mK*)Ai{q^) - {niB - mK*)A2{q^) , 
which follows from the equations of motion. 
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Using the definition of the form factors, as given above, the amphtude of the B 
K*i~^i~ decay can be written as 

Ga 



X <! - 75)^ - 2A,e^,xae*VK*Q'' - iBiS* + iB2{e*q)ipB + Pk-)^ + iBs{e*q)q^ 



(1 + 75)£ - 2Cie^,Aa^^*>^.g" - tD^e; + iD2{e*q){pB + Pk*);. + iD^{e*q)q^ 



+£(1 - 75)4iS4(£*g)J + l{l + 75)4^^5(£*g) 
+Uai'''l[iCTe^,,xa) [ - 2T,s*\pB+PK*r + Bee*V - B^{s*q)pKA' 

+ 16CTEia^j\ - 2Tie*^{pB+PK*Y + B^e^^q'' - B,{e*q)pK*^qA , 



(6) 



where 



= 

Bi = 

B2 = 

B3 = 
Ci = 

^6 = 
= 



2{Cbr + C'sl) 



ms + rriK* 



rriB + rriK* ' q 

2{Cbr - C 

1 r 

A2 — 2{Cbr — Csl) 2 



2 ' 



To 



{Ctl - CRL){mB + mK*)A^ - 2{Cbr - CsL)(m| - m],.)^ , 



T2 + 



2 _2 ^3 



mn — m 



K* 



2{Cl"l - CRL)mK*^^^ + 2(Cbr - Csl)^ 

^\\^LL ~^ ^LR : ^RL ^ ^ RR) : 
^iV^LL '^LR ) ^RL ^RR) , 
^2{^LL ~^ ^LR > ^RL ^RR) , 



BsiCl^l 
-2(C. 



lrrl — Crlrl 



rrih 
rriK* 



Ao , 



—2{Clrlr — Crllr) ^0 , 

rrib 

2(mB - vdj^,) ^ — , 



T1-T2- 



(7) 



From this expression of the decay amphtude, for the differential decay width we get the 
following result: 



^(B^ K*e+r) 

as 



\Vt,V;f\'/'il,r,s)vAis) , 



with 



-mo Re 



6mBmesX{Bi - D{){Bl - B*) 
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- 12mlmPx{B4B* + (S3 - D2 - D^)Bl - {B2 + S3 - £'3)^*} 
+ 6m|m^s(l - rK'')X{B2 - D2){Bl - Bl) 

+ 12m|m^s(l - rK*)\{B2 - D2)(B*^ - D*^) 
+ 6mlmeXs^(B4 - B^){Bl - D*) 
+ A8mjfK^s{3BiDl + 2m%XAiCl} 

+ 48m|m^sA^(S2 + D2)B;c:^e 

- l&m%rK*s{rh'l — s)A| \Aif' + |Ci|^ | 

- m\s{2m] - s)\[ |S4|^ + \B^\^ } 

- 48m|m^s(l - tk* - s)\[{Bi + Di)B*C*te + 2(^2 + D2)BIC*te} 

- 6m^m|sA{2(2 + 2fK* - s)B2D; - s 1(^3 - Ds)^ } 
+ 96mijm^§(A + l2rK-s){Bi + Di)B;Cte 

+ 8mls^{v^ ICrf + 4(3 - 2v^) |Cte|' }{4(A + UrK^s) {Bef 

- 4m|A(l - tk* - s)BeB; + m|A^ [Sr]^ } 

- 4m|A{m2(2 - 2f;^. + s) + s(l - f^. ~ s)}(SiS2* + DiD;) 
+ s{6fKA3 + v^) + A(3 - |Si|' + \D,f } 

- 2m^A{7n^[A - 3(1 - fK*f] - Xs}{ \B2f + \D2f } 
+ 128m|{4m|[20fif*A - 12fx*(l - rK*f - As] 

+ s[4fK*A + 12fK*{l - rK*Y + As]} iCrf \Tif 

+ 512ml{s[ArK*X + Utk^^ " ^/^O' + As] 

+ 8m2[12rK.(l - r^,.)' + A(s - 8ri^*)]} jTij' 

- 6Amls^{v^ ICrf + 4(3 - 2v^) ICte^ }{2[A + 12fK*(l - ri^Ol^e^i* 

- mlX{l + 3rK* -s)BjT*} 

+ 76SmlmerK*sX{Ai + Ci)C^T* 

- 192mBmes[X + 12fK-{l - rK*)]{Bi + Di)CteT* 

+ 192m|m^sA(l + Stk* - s)X{B2 + D2)C^eTi] , (9) 

where s = q^/m%, f = m^^^/m^ and A(a, 6, c) = a^ + 6^ + c^ — 2a6 — 2ac — 26c, Tn^ = m^/me, 
V = y^l — 4ml / s is the final lepton velocity. 

The definition of the polarized FB asymmetries will be presented in the next section. 



3 Polarized forward— backward asymmetries of leptons 

In this section we calculate the polarized FB asymmetries. For this purpose, we define 
the following orthogonal unit vectors sf^ in the rest frame of where i — L, N ot T 
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correspond to longitudinal, normal, transversal polarization directions, respectively (see 
also [1, 8, 10, 14]), 



Sr = 



0,eE 

0, 
0, 

0,e + 



0, 



P- 



\p- 



Pxxp- 



\Pk X P- 



0, 



P+ \ 
\P+\) ' 
Pk X p+ 
\Pk X p+\ 



(O, e + X e+) , 



(10) 



where p^r and px are the three-momenta of the leptons £^ and K* meson in the center of 

mass frame (CM) of fr system, respectively. Transformation of unit vectors from the 
rest frame of the leptons to CM frame of leptons can be accomplished by the Lorentz boost. 
Boosting of the longitudinal unit vectors sf'^ yields 



\Pt\ Eep^ 



CM \me ' mc \p^ 



(11) 



where p+ = —p-, and are the energy and mass of leptons in the CM frame, respec- 
tively. The remaining two unit vectors s^'^, s^'^ are unchanged under Lorentz boost. 

The definition of the unpolarized and normalized differential forward-backward asym- 
metry is (see for example [22]) 



Afb = 



1 £T 
dsdz 



d^T 
-1 dsdz 



/■I d'r /-o 

Jo dsdz J-i 



d^r 



(12) 



-1 dsdz 



where z — cos 9 is the angle between B meson and i~ in the center mass frame of leptons. 
When the spins of both leptons are taken into account, the Afb will be a function of the 
spins of the final leptons and it is defined as 



'dr{s) 

ds 



dz — 



dz , 



d'^r{s, s —i,s'^ — j) d^r(s, s —i,s^ — —j) 



dsdz 



dsdz 



d^r{s, s — —i, s+ = j) d^r{s, s — —i, s' 



= -I) 



= ApBis" 

+ Afb{s' 



dsdz 

■ i,s^ ■■ 

■ — i, s' 



j) - Afb{s' 
= -1) ■ 



dsdz 

i,s^ = -j) - AFBis 



—I, s' 



J) 



(13) 



Using these definitions for the double polarized FB asymmetries, we get the following 
results: 
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2 

A^p^B = ^-^ml^/Xv Re[ - m%meX{4:{Bi - Di)B;C^ - {B^ + B5){B; + D*)} 

+ 4m|m,A{(l - f;^*)(^2 - i?2)S;c; + s(Bs - Ds)B;C^} 

- mt{\ - fK* - s){bI{B^ + B^- SBqCt) + Dl{B^ + B, + SBeCr)} 



TE 



+ 2m|sA{(54 - b^)b;c*t + 2(^4 + b^)b;c*te\ 

- 8m|m,(l - fxO(l - - s){B2 - D2)B;C^ 

- iruBil - rx' - s)s{(fi4 - 55)^6*^; + 2(^4 + B^)BIC*te 

+ 2mBm,(B3 - Dz)BlC*] 256m|m,fK*(l - rV)(^i - COT^C^^ 

- 16m£(l - 5fx* - ~ Di)T*Ct 

+ 16m^m^(l - fK'){l + 3f,^. - s)(fi2 - D2)T*C^ 

+ 8mB(l + 3fx* - s)s{2(S4 + B^)T*C*TE + (^4 - ^5)7?^^ 

+ 2mBmi{Bz - D^)T*C*t}] , (14) 

■^¥b = IT- — T-rm\\/l\vlm.\ - me(BiDl + m%\B2Dl) + AmsmefK-VlAiCl 

- 2mBs{B(,{CT - 2Cte)BI + B^{Ct + 2Cte)DI] 

- m%s\[Bj{CT - 2Cte)B; + BjiCr + 2Cte)D;} 

- 16m|m£s(4 \Bef + m%X \Bjf )CtC^e 
+ m|m^(l - vk' - s){BiD* + B^Dl) 

+ m|s(l - rx* - s){{BlB^ + 2B*^Bq){Ct - 2Cte) 
+ {DIB^ + 2D*M{Ct + 2CTi.O} 

- 64m|m^s{ - m|(l - f^* - s)Re[565;] + 4 |Ti|^ - 4Re[56T;] 

+ 2m|(l + 3fK* - s)Re[BrT*]}CTC^E 

+ 16mlrK*s{{Ai - Ci)C^T* - 2{Ai + COC^^T*} 

+ AmBs{Bl{CT - 2Cte)Ti + DI{Ct + 2Cte)Ti} 

- Amls{l + 3f^. - s){bI{Ct - 2Cte)Ti + D;{Ct + 2Cte)Ti}] , (15) 

8 

-^FB = TT^ — -rr«sVlAvIm - m^(5ii:'^] + mB\B2Dl) + 4msm£fi^*s/liC* 

+ 2mBs{B^{CT + 2Cte)S* + S6(Ct - 2Cte)DI} 
+ m|sA{S7(CT + 2Cte)B* + B^{Ct - 2Cte)D*2} 

+ lQm\mfs{A\BQ\^ + m%\\B-j\^)CTCTE 
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^FB — 



+ mlme{l - tk- - s){BiD* + B2DI) 

- m%s{l - fK* - s){(BlBr + 2B*Be)(CT + 2Cte) 
+ {DIB, + 2D*Be){CT - 2Cte)} 

+ 64m|m^s{ - m|(l - fx* - s)Re[B6B;] + 4 |Ti|^ - ARelBeT*] 

+ 2m|(l + 3f^. - s)Re[B,T*]}CTC^E 

+ 16m%fK's{{Ai - Ci)C^T* + 2{Ai + Ci)C;^r*} 

- AmBs{B*{CT + 2Cte)Ti + DI{Ct - 2Cte)Ti} 

+ 4m|s(l + 3fK* - s)[bI{Ct + 2Cte)T^ + DI{Ct - 2Cte)Ti]\ , 

—^—ml\/§XRe\ - me{ \Bi + A] V m%X \B2 + 1^2!^ | 
+ Am%7htfK^s^ \ Ai + Ci|^ } 

- 64m|m^s |Cte|^ {4 iSg]^ + m^A iBrf - 4m|(l - f^* - s)BeB;} 
+ 2mlme(l - tk* - s)(Bi + Di)(B* + D*) 

+ 2m|(l - rK* - s){'im^g{2B*B6 + BIB,){Ct + 2Cte) 

- s{2B;B, + BIBj){Ct - 2Cte)} 

- AmB{Am] [bIB^{Ct + 2Cte) - B^DI{Ct - 2Cte) 



— s 



BIBq{Ct — 2Cte) — BqD\{Ct + SCtb)] | 



- 2m%\[Arnl[BlB,{CT + 2Cte) - ByDl{CT - 2Cte) 



— s 



B2B-j{C'j' — 2Cj'e) — B'jD2{Ct + 2Cte) | 



(16) 



- 2m|(l - - s){4mj{2BeD; + B^DDiCr - 2Cte) 

- s{2BeD; + B^DI){Ct + 2Cte)} 
+ 256m|m^{2s \Cte? \2BqTI - m|(l + Ztk* - s)BjT* 
+ 4 [rK* \Ct\^ + {^tk* -s)\Cte\^]} 

+ 32mlfK'{4m^,[{A^ + Ci)C^T* + 2{A^ - Ci)C*teTI 
+ s[A\{Ct - 2Cte)Ti + C*(Ct + 2Cte)Ti] } 

+ 8mB{4m|(CT + 2Cte) - s{Ct - 2Cte)}{bI - m|(l + Svk* - s)B;}Ti 

- 8mB{4m|(Cr - 2Cte) - s{Ct + 2Cte)}{dI - m|(l + Sf^* - s)D;}t,] , 



(17) 



—^--mlV§XRe\mA \Bi + Dif + m%\ \B2 + /^2|' | 
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+ BAmlmes ICte]^ {4 \Bef + m|A iB^f - 4m|(l - rx* 

- 2m|m^(l - - s){Bi + Di){B* + D*) 

+ 2m|(l - rK* - s){4:m^e{2B*Be + BIB^){Ct - 2Cte) 

- s{2B*Be + BIB^){Ct + 2Cte) 



s)B^B*] 



- AmB{Arn] [bIB^{Ct - 2Cte) - B^DI{Ct + 2Cte] 



— s 



BIBq{Ct + 2Cte) — BqDI{Ct — 2Cte)\ } 



- 2m%X{4rh'j[B*B7{CT - 2Cte) - B^DliCr + 2Cte) 

- s B2B'j(C'j' + 2Cj'e) — -^7-^2(^7' — 2Cj'£;) I 

- 2m|(l - fi^* - s){4m^^{2BeD; + BrDDiCr + 2Cte) 

- s{2BeD; + BjDDiCr ~ 2Cte)} 

- 256mlme{2s ICte^ [2^6^!* - m|(l + 3f^* - sj^yT* 

+ 4 iTil' [fx* |Ct|' + i^TK* - S) \CTEf]} 

- 32m|rK.{4m^'[(Ai + Ci)C^T* - 2{Ai - Ci)C^eT* 
+ s[AI{Ct + 2Cte)Ti + CI{Ct - 2Cte)Ti] ] 

- 8ms{4m^2(CT + 2Cte) - K^t - 2Cte)}[dI - m|(l + 3f^* - s)D1^T^ 
+ 8mB{4m|(Cr - 2Cte) - K^t + 2Cte)}{s* - m\{l + Sf;^* - s)^;} , Ti 



ml^/XIm[mlmesX{(B4 - B^){Bl + Dl) + 8B7Cte{BI - D*^) 



(18) 



+ 8mlsB;C^E{B3 



- 2m%mp\{B2 + D2){B; - D;) 

+ Am^rmil - fK')X{2mBsB;C^E{B2 - D2) + mB2D;} 
+ 2mlrhjs{l + Sfx* - s){BiB; - DiD*) 



+ fhe{l - tk* - s)[mBs\- B^B^ - + IBBqCte) 



- Dl{B^ -B5- IGB^Cte) + 2mBrhe{Bi + D,){B; - L>*) 



+ 4 



meB.Dl + AmlfB^CrEiBl - Dl)] } 



- 16m|m,s(l - f^.)(l - f-K* - s){B2 - D2)B;a 



TE 



+ 2m\m\\\ + (1 - rK*){\ ~ tk- - s)\{BlD2 + 5*Di) 
+ 32m|m^s(l - rK*){\ + Ztk, - s){B2 - /^2)C;^T* 

- 8mBs(l + 3fi^* - s){4m,(5i ~ i?i)C;sT* - 2mBs{B^ - B^)C*r,ETl 

- AmlmsiB^ - D^)C*teTi + tubsv^B^ + ^5)^^^*} 

- Amls\l - fK* - s){2(B^ - B^)BIC*TE - v\B^ + B^)BIC*t] 
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TN 
FB 



-ml 



. ...^VXlm[m%mesX{{B^ - B^^B* + D;) + %B,Cte{BI - Dl) 

+ 8misB;C^EiB3 - D^)} 

- 2m%m^^sX{B2 + D2){B; - D;) 

+ 4m|m^(l - fK*)x{2mBsB;C^E{B2 - D2) + m^^s^a} 

+ 2m|m^s(l + 3fx* - s)\m{BiBl - DiDl) 

+ mt{l - tk* - s)[mBs[Bl{Bi - B^ + IGBqCte) 

+ Dl{Bi -B5- 16BeCTE) - 2mBm{Bi + Di){B; - 

+ A[rheBiDl + ^rnlf B^Cte{BI - D*)] } 

- 16m|m,s(l - fK^){l - TK* - s){B2 - D2)B;C*te 
+ 2mlrh][\ + (1 - f^.)(l - ^K* - s)]{BlD2 + B^D^) 
+ 32m|m£s(l - fK*)(l + Sr^* - s){B2 - D2)C^eTi 

- 8mss(l + Zf-K* - s){4m^(Si - Di)CteT* - 2mBs{B^ - B^)CteTI 

- Amlms{B^ - Ds)C*eT* + ttibsv^B^ + B,)C^T*} 

- 4m|s2(l - rV - s){2(S4 - B^)BIC*te - v^B, + B,)B*C^} 
+ 2m^s2A{2(S4 - B5)B;C^e - + B5)B;C^}] , 



ANN 



f^^^-B-^v Re[ - m|m,A{4(Si - L>i)S;c; + {B2 + D2){Bl + S^)} 

+ 4m|m,A{(l - fx.)(52 - /^a)^;^; + 5(^3 - D:,)B;C*j] 
+ 2m|sA{(E4 - B5)B;Ct - 2{Bi + B^)B*^Cte} 
+ m^(l - tk* - s){bI{B^ + B5 + SBqCt) 
+ DliB^ + B^-SBeCr)} 

- 8m|m^(l - rK*)il - tk* - s){B2 - D2)B;C^ 

- 4mss(l - - s){(54 - B5)B;C*t - 2(^4 + B^)BIC*te 
+ 2mBrn,{B^ - Ds)B;C^} 

+ 16m|m,(l -fK*){l + Stk. - s){B2 - D2)C^T* 

+ 8mijs(l + 3fK* - s){{Bi - B5)C^T* - 2(^4 + EgjC^^T*} 

- 16meil + Sf-K' - s){Bi - Di)C^T* 

+ 16m|m^s(l + 3fK* - s){B3 - D^)CtTI 



All = ^Ta"'^^'' Re[m|7n^A{4(Si - D^)B*C*t + {B2 + D2){Bl + 
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- 2m\sX[{Bi - B^)B;Ct - 2(^4 + B^)B;G 
+ ^tubMBz - D^)B*C*t} 

- 2(1 - TK* - s){rnt[Bl{Bi + fig + ^B^Ct) 



Bi — B^)BqC^ — 2(i?4 + B^)B^C' 



+ Dl{Bi + fis - SBbCt)] - 4mss 
+ 2mBm^(B3-L>3)B*C;]} 
+ 8m|m^(l - rK^){l - tk* - s){B2 - D2)B;C^ 

- 16mlme(l - fK*)(l + Sf^* - s)(B2 - D2)C^T* 

- 8mss(l + 3rK* - s){{B^ - B^)C*T* - 2(^4 + B5)C^j,T*} 

+ 16me{l + 3rK* - s){{B, - D,)C;^T* - mls{B^ - D^)C*tT*]\ . 



(22) 



In these expressions for A^p^, the first index in the superscript describes the polarization 
of lepton and the second index describes that of anti-lepton. 

It should be noted here that, the double-polarized FB asymmetry for the B — > Kt^t~ 
and h — > st'^t" decays are calculated in the supersymmetric model in [23]. 



4 Numerical analysis 

In this section we analyze the effects of the Wilson coefficients on the polarized FB 
asymmetry. The input parameters we use in our numerical calculations are: |\4f,V^*| = 
0.0385, rriK' = 0.892 GeV, = 1.77 GeV, = 0.106 GeV, mb = 4.8 GeV, tub = 
5.26 GeV and = 4.22 x 10~^^ GeV. For the values of the Wilson coefficients we use 
Cf^ = -0.313, = 4.344 and CfJ^ = -4.669. It should be noted that the abov^ 

presented value for Cq'^ corresponds only to short distance contributions. In addition to 
the short distance contributions, it receives long distance contributions which result from 
the conversion of cc to the lepton pair. In this work we neglect long distance contributions. 
The reason for such a choice is dictated by the fact that, in the SM the zero position of 
for the B — > K*t^l~ decay is practically independent of the form factors and is determined 
in terms of short distance Wilson coefficients G^^ and G^^ (see [7, 12]) and sq = 3.9 GeV'^. 
For the form factors we have used the light cone QCD sum rules results [24, 25]. As a result 
of the analysis carried out in this scheme, the dependence of the form factors can be 
represented in terms of three parameters as 

1 — aps -\- bps 

where the values of parameters -F(O), ap and hp for the B ^ K* decay are listed in Table 
1. 

The new Wilson coefficients vary in the range — |Cio| < \Gi\ < |Cio|- The experimental 
value of the branching ratio of the B — > K*i'^i~ decay [20, 21] and the bound on the 
branching ratio of the B — > /jt'^/J,' [26] suggest that this is the right order of magnitude for 
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F(0) 


dp 










60 




At 




(1 28 + D 04 


1 18 


281 


yB- 


*K* 






575 




19 ± 03 


1.59 


0.615 


rpB-*K* 


0.19 ±0.03 


0.49 


-0.241 


rpB- 

^3 




0.13 ±0.02 


1.20 


0.098 



Table 1: B meson decay form factors in a three-parameter fit, where the radiative correc- 
tions to the leading twist contribution and SU(3) breaking effects are taken into account. 

the vector and scalar interaction coefficients. It should be noted here that the experimental 
results lead to stronger restrictions on some of the Wilson coefficients, namely —1.5 < Ct < 
1.5, —3.3 < Cte < 2.6, —2 < Clli Crl < 2.3, while the remaining coefficients vary in the 
range —4 < Cx < 4. Since all existing experimental results are yet preliminary, we will 
vary all new Wilson coefficients in the range —4 < Cx < 4. 

In Fig. 1(2) we present the dependence of the Ap% on for the B K*ii^iJi,~ at four 
fixed values of Cll{Clr) '■ —4, —2,2,4. From these figures we see that nonzero values of 
the new Wilson coefficients shift the zero position of Aps corresponding to the SM result. 
When Cll gets negative (positive) values, the zero position of Ap^ shifts to the left (right) 
in comparison to that of the zero position in the SM. 

Our analysis shows that the zero position of Apj^ for the B K*fi~^iJ,~ decay is prac- 
tically independent of the existence of other Wilson coefficients. For this reason we do not 
present the dependence of Ap% on q"^ at fixed values of the remaining Wilson coefficients. 

Figs. 3(5) and 4(6) depict the dependence of A^ and A'^'j^ on at four fixed values 
of Ct{Cte)- We observe from these figures that the zero positions of A^^ -^fb 
very sensitive to the existence of tensor interactions. More essential than is that in the 
SM case A^g and Ai'p^ do not have zero values. Therefore, if zero values for the polarized 
Ap^Q and asymmetries are measured in the experiments in future, these results are 

unambiguous indication of the existence of new physics beyond the SM, more specifically, 
the existence of tensor interactions. 

In the case oi B ^ K*t^t~ decay, the zero position for the double polarization asymme- 
tries A!'pQ is absent for most of the new Wilson coefficients, and hence, it could be concluded 
to be insensitive to the new physics beyond the SM, or the value of A^p^ is quite small, 
whose measurement in the experiments could practically be impossible. For this reason we 
do not present the dependencies of A^p^ on q^ at fixed values of Cx for the B — > K*t'^t~ 
decay. 

As is obvious from the explicit expressions of the forward-backward asymmetries, they 
depend both on q^ and the new Wilson coefficients Cx- As a result of this, it might be 
difficult to study the dependence of the polarized forward-backward asymmetries A^ps on 
these parameters. However, we can eliminate the dependence of the polarized ApB on q^ 
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by performing integration over in the kinematically allowed region, so that the polarized 
forward-backward asymmetry is said to be averaged. The averaged polarized forward- 
backward asymmetry is defined as 



• ij \ _ J4m2 aq 



JAml aq^ 



In Fig. (7), we present the dependence of (Af^q^ on Cx for the B — > K*iJi^ijr decay. 
The common intersection point of all curves corresponds to the SM case. We observe 
from this figure that, (A^-^^q) has symmetric behavior on its dependence on Ct and Cte 



with respect to zero position, and remains smaller compared to the SM result. The only 
case for which (Ap^gj > (-^fb)^^ occurs for the positive values of the vector interaction 

coefficients. Therefore, if we measure in the experiments (^Ap^'j > {;^'fb) it is a direct 
indication of new physics beyond the SM, and this departure is to be attributed solely to 
the existence of vector type interactions. 

The situation is even more conformativc for the B K*t^t~ case. In Figs. (9) and 
(10), we present the dependencies of {A^^^"^ and i^A^^ on the new Wilson coefficients Cx- 
From Fig. (9) we observe that, with respect to the zero value of the Wilson coefficients, 
(^A^^b) increases if Crl, Clrlr and Crr increase, while it decreases when Crllr increases. 

From Fig. (9) we see that the dependence of (^A'fg^ on the tensor interaction is stronger. 
When Cp-i Cte and Clr are negative (positive) and vary from —4 to zero (from zero to 
4) I^A^b) decrease (increase). Additionally, we observe that with increasing values of Crl 
and Crr, (A^^"^ increases. This figure further depicts that I^A^g^^ for practical purposes, 
is not sensitive to the existence of scalar interactions. On the other hand, (^Ap^'^ and 

l^A^^'^ arc very sensitive to the presence of tensor and scalar interactions (see Figs. (10) 
and (11)). 

It is clear from these results that several of the polarized forward-backward asymmetries 
show sizable departure from the SM results and they are sensitive to the existence of 
different type of interactions, therefore, study of these observables can be very useful in 
looking for new physics beyond the SM. 

Obviously, if new physics beyond the SM exists, there hoped to be effects on the branch- 
ing ratio besides the polarized Afb- Keeping in mind that the measurement of the branch- 
ing ratio is easier, one could find it more convenient to study it for establishing new physics. 
But the intriguing question is, whether there could appear situations in which the value 
of the branching ratio coincides with that of the SM result, while polarized Afb does 
not. In order to answer this question we study the correlation between the averaged, po- 
larized (Afb) and branching ratio. In further analysis we vary the branching ratio of 
B K*iJ,+fi- {K*T+T-) between the values (1 - 3) x 10"^ [(1 - 3) x 10"^], which is very 
close to the SM calculations. Note that, we do not take into account the experimental 
results on branching ratio since they contain large errors, and it would be better to wait 
for more improved experimental results. 
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Our conclusion for the B — > K*jj,~^jj,~ decay, in regard to the above-mentioned correlated 
relation, is as follows (remember that, the intersection of all curves corresponds to the SM 
value) : 



The situation is much more attractive for the B K*t'^t decay. In Figs. (14)- 
(18), wc depict the dependence of the averaged, forward-backward polarized asymmetries 



(y^^^); {AWb) ^ -(^FB>; UVb) ^ UVb): (A^b) and (AVb), on branching ratio. 



It follows from these figures that, indeed, there exist certain regions of the new Wilson 
coefficients for which, mere study of the polarized Afb can give promising information 
about new physics beyond the SM. 

In summary, in this work we present the analysis for the forward-backward asymmetries 
when both leptons are polarized, using a general, model independent form of the effective 
Hamiltonian. Our work verifies that the study of the zero position of (^Ap^'^ can give 
unambiguous conformation of the new physics beyond the SM, since when new physics 
effects are taken into account, the results are shifted with respect to their zero positions in 
the SM. Moreover, we find that the polarized Afb is quite sensitive to the existence of the 
tensor and vector interactions. Finally we obtain that there exist certain regions of the new 
Wilson coefficients for which, only study of the polarized forward-backward asymmetry 
gives invaluable information in establishing new physics beyond the SM. 



• for (Apg), such a region is absent for all Cx, 




• for (A 




such a region does exist for Ct and Cte (see Fig. (13)). 
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Figure captions 

Fig. (1) The dependence of the double-lepton polarization asymmetry Ap^ on at four 
fixed values of Cll, for the B — > K*jjL^jji~ decay 

Fig. (2) The same as in Fig. (1), but at four fixed values of Clr- 

Fig. (3) The dependence of the double-lepton polarization asymmetry Ap^s on at 
four fixed values of Ct, for the B — > K*jji^jjr decay 

Fig. (4) The same as in Fig. (3), but for A^^. 

Fig. (5) The same as in Fig. (3), but at four fixed values of Cte- 

Fig. (6) The same as in Fig. (4), but at four fixed values of Cte- 

Fig. (7) The dependence of the averaged forward-backward double-lepton polarization 
asymmetry {Ap%) on the new Wilson coefficients Cx, for the B — > K*ij,^ij,~ decay. 



Fig. (8) The same as in Fig. (7), but for the B K*t'^t decay. 

Fig. (9) The same as in Fig. (8), but for the averaged forward-backward double-lepton 
polarization asymmetry (Ap^)- 




Fig. (10) The same as in Fig. (8), but for the averaged forward-backward double-lepton 
polarization asymmetry (Aj^j^). 



Fig. (11) The same as in Fig. (8), but for the averaged forward-backward double-lepton 
polarization asymmetry {ApB/- 



Fig. (12) The same as in Fig. (8), but for the averaged forward-backward double-lepton 
polarization asymmetry (A^^). 



Fig. (13) Parametric plot of the correlation between the averaged forward-backward 
double-lepton polarization asymmetry (^Ap^'j and the branching ratio for the B — > K* ii~ 
decay. 

Fig. (14) Parametric plot of the correlation between the averaged forward-backward 
double-lepton polarization asymmetry (Ap^ and the branching ratio for the B K*t^t~ 
decay. 

Fig. (15) The same as in Fig. (14), but for the the correlation between the averaged 
forward-backward double-lepton polarization asymmetry (A^^) and the branching ratio. 
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Fig. (16) The same as in Fig. (15), but for the the correlation between the averaged 
forward-backward double-lepton polarization asymmetry (^Afb} the branching ratio. 

Fig. (17) The same as in Fig. (16), but for the the correlation between the averaged 
forward-backward double-lepton polarization asymmetry (^Ap^^ and the branching ratio. 

Fig. (18) The same as in Fig. (17), but for the the correlation between the averaged 
forward-backward double-lepton polarization asymmetry \A^^) and the branching ratio. 
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